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[57) ABSTRACT

First and second substrates are provided with a projec-
tion of a high melting point conductive material and an
aperture filled at the bottom plane with a low melting
point conductive material, respectively. The projection
of the first substrate is plunged into the low melting
point conductive material which is molten in the aper-
ture by heating, so that the projection and the low melt-
ing point conductive material are bonded mechanically

and electrically by cooling.

4 Claims, 4 Drawing Sheets
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BONDING STRUCTURE OF SUBSTRATES AND
METHOD FOR BONDING SUBSTRATES

FIELD OF THE INVENTION

The invention relates to a bonding structure of sub-
strates and a method for bonding substrates, and more
particularly to a bonding structure of first and second
substrates and a method for bonding first and second
substrates in which the first and second substrates hav-

ing circuit elements such as transistors on the surfaces

thereof are bonded to provide the electric connection of
the circuit elements.

BACKGROUND OF THE INVENTION

Methods for bonding semiconductor wafers mechani-
cally have been reported as follows.
The first method has been described on page 495 of

4,998,665
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“a digest report for a lecture meeting of the 47th applied 20

physical society, 1986”, and comprises steps of forming
thermal oxide films each having a thickness of 2000 A
on the surfaces of two Si wafers each being 2020 0.4

mm?’, forming spin-on glass layers each having a thick-

ness of approximately 500 A on the thermal oxide films.
of the St wafers, heating the two Si wafers at the tem--

perature of 300° C. by applying a pressure of 10 kg/cm?
to the bonding surfaces of the spin-on glass layers, and
cutting one of the Si wafers off in the reverse epitaxy or
the etch back process to pI'OVIdE a silicon on insulator
(SOI).

‘The second method has been described on pages 593
to 595 of the Institute of Electronics Informations and
Communications Engineers, Vol. No. 6", and comprises
steps of polishing the-surfaces of two Si wafers to be
mirror planes, cleaning the mirror planes to be acti-
vated, and making the activated mirror planes of the
two St wafers in contact with each other in a clean
atmosphere to provide a direct bonding of the two Si
wafers.

The third method has been described on pages 3118
to 3120 of “J. Appl. Phys. 61(8), 15 April 1987, and
comprises steps of depositing a metal thin film on one of
two S1 wafers to serve as a transport medium for Si
atoms from one wafer to another, and heating the two
wafers and applying a pressure of a predetermined
value thereto, whereby the bonding of Si to Si is real-
1zed by solid-phase epitaxy.

In the first to third methods, the two Si wafers having
no device formed thereon are bonded mechanically.

However, the first to third methods have a disadvan-
tage n that these methods are difficult to be applied to
a method in which semiconductor substrates having
circult elements such as transistors formed thereon are
bonded, since adhesive which consists mainly of an
insulation material is not utilized for the purpose of
bonding the semiconductor substrates electrically, and

since the characteristic deterioration and the damage of |, 60

the circuit elements tends to occur in the step of heating
the semiconductor substrates at a high temperature and
applying a pressure of a predetermined high value
thereto. Further, those methods have a disadvantage in
that the curvature, and the expansion and contraction of
the semiconductor substrate affect the alignment preci-
sion of circuit element patterns, where the semiconduc-
tor substrates are bonded in terms of a wafer scale.
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2
SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide a bonding structure of first and second substrates
and a method for bonding first and second substrates in
which the first and second substrates are bonded electri-
cally.

It 1s a further object of the invention to provide a
bonding structure of first and second substrates and a
method for bonding first and second substrates in which
adhesive of an insulation material is not necessary to be
used.

It 1s a still further object of the invention to provide a
bonding structure of first and second substrates and a
method for bonding first and second substrates in which
no characteristic deterioration and damage of the cir-
cuit elements occurs.

According to a first feature of the invention, a bond-
ing structure of first and second substrates, comprises:

a projection of a high melting point conductive mate-
rial provided on one plane of the first substrate; and

a low melting point conductive material filled in an’
aperture which i1s formed on one plane of the second

substrate;

wherein the projection and the low melting point
conductive material are connected to each other me-
chanically and electrically, whereby the first and sec-
ond substrates are bonded on the one planes.

According to a second feature of the invention, a
method for bonding first and second substrates, com-
prises:

providing a projection of a high melting point con-
ductive material on one plane of the first substrate;

forming an aperture being able to accommodate the
projection on one plane of the second substrate:

providing a layer of a low melting point conductive
material having a predetermined thickness on the bot-
tom plane of the aperture;

aligning the projection of the first substrate and the
aperture of the second substrate relative to each other,

contacting the first and second substrates on the one
planes at a temperature lower than the high melting
point and higher than the low melting point, so that the
projection is plunged into the low melting point con-
ductive material which is thereby molten: and

cooling the first and second substrates at a tempera-
ture lower than the low melting point.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail in
conjunction with appended drawings, wherein:

FIG. 1 is a cross-sectional view showing a bonding
structure of semiconductor substrates in a first embodi-
ment according to the invention,

FIGS. 2A to 2C are cross-sectional and perspective
views showing a method for bonding semiconductor
substrates in an embodiment according to the invention,

FIGS. 3A to 3E are cross-sectional views showing a
fabrication process for a first semiconductor substrate
having a conductive material projection to be used in
the method for bonding semiconductor substrates,

FIGS. 4A to 4D are cross-sectional views showing a
fabrication process for a second semiconductor sub-
strate having an aperture filled with a low melting point
conductive material to be used in the method for bond-
ing semiconductor substrates, and
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FIGS. § and 6 are cross-sectional views showing
bonding structures of semiconductor substrates in sec-
ond and third embodiments according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS |

FIG. 1 shows a bonding structure of semiconductor
substrates such as St wafers in the first embodiment. The
bonding structure of semiconductor substrates com-
prises a first semiconductor substrate 11 on which a
projection 12 of a high melting point conductive mate-
rial such as tungsten is provided, and a second semicon-
ductor substrate 21 on which an aperture 24 partially
filled with a low melting point conductive material 22
such as Au-Sn (Au : 80%) alloy is formed. The first and
second semiconductor substrates 11 and 21 are bonded
each other in accordance with solid phase fixing force
between the high melting point conductive material
projection 12 and the low melting point conductive
material 22.

In bonding the first and second semiconductor sub-
strates 11 and 21, the first semiconductor substrate hav-
ing the high melting point conductive material projec-
tion 12 as shown in FIG. 2A, and the second semicon-
ductor substrate 21 having the aperture 24 filled with
the low melting point conductive material 22 as shown
in FIG. 2B are prepared beforehand to be explained in
- more detail later. Next, the first and second semicon-
ductor substrates 11 and 21 are aligned by use of infra-
red rays transmitting through the first and second semi-
conductor substrates 11 and 21, such that the projection
12 1s positioned over the center of the aperture 24 as
shown in FIG. 2C. The projection 12 is of a shape hav-
ing a width W, and a height H, and the aperture 24 is of
a shape having a width W (W >W3) and a depth D
(H< D). Then, the semiconductor substrates 11 and 21
are heated at the temperature of 450° C. and made
contact with each other in the air atmosphere, N gas,
or mixed gas of Hj and N> (H3:10-20%), so that the
tungsten projection 12 is plunged into the low melting
point conductive material 22 of Au-Sn alloy, since the
low melting point conductive material 22 becomes lig-
uid phase, and the tungsten projection 12 remains un-
changed to be solid phase. In the circumstance, there is
no necessity to apply a pressure of a predetermined
value to the semiconductor substrates 11 and 21 to be
made contact with each other, since the low melting
point conductive material 22 of Au-Sn alloy which is in
the state of liquid phase has a sufficient fluidity to re-
ceive the solid phase projection 12. Thus, the first and
second semiconductor substrates 11 and 21 are held at
the temperature of 450° C. for one to ten minutes, and
then cooled to the room temperature, so that the low
melting point conductive material 22 restores solid
~ phase to provide a bonding structure in which the tung-
sten projection 12 is firmly held by the solid phase low
melting point conductive material 22.

The aforementioned first semiconductor substrate 1 is
obtained as follows.

At first, a conductive material film 13 of tungsten is
deposited on the first semiconductor substrate 11 by the
sputtering method as shown in FIG. A, and a photore-
sist 14 is spin-coated on the tungsten film 13 as shown in
F1G. 3B. The photoresist 14 is exposed to light to pro-
vide a mask 14 of a predetermined pattern correspond-
ing to the tungsten projection 12 as shown in FIG. 3C,
and the tungsten film 13 is dry-etched in the existence of
the mask 14 by the reaction ion-etching utilizing mixed
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gas of SF¢ and CHF3 as shown in FIG. 3D. Finally, the
mask 14 is removed to provide the first semiconductor
substrate 11 having the tungsten projection 12. As un-
derstood from the above, the width W, of the tungsten
projection 12 can be changed by changing a light expo-
sure pattern of the photoresist 14, and the height H of
the tungsten projection 12 can be changed by changing
the thickness of the tungsten film 13 deposited on the
first semiconductor substrate 11 by the sputtering

method.
On the other hand, the aforementioned second semi-

conductor substrate 21 is obtained as follows.

At first, the second semiconductor substrate 21 is
prepared as shown in FIG. 4a, and the aperture 24
having the width W> greater than the width Wi of the
tungsten projection 12 and the depth D greater than the
height H of the tungsten projection 12 is formed on the
second semiconductor substrate 21 by the lithography
process and the etching process as shown in FIG. 4B.
Thereafter, the low melting point conductive material
22 of Au-Sn alloy is deposited on the second semicon-
ductor substrate 21 by the evaporation or the sputtering
method as shown in FIG. 4C. Finally, the Au-Sn alloy
layer 22 1s removed except for that on the bottom wall
of the aperture 24 to provide the second semiconductor
substrate 21 having the aperture 24 filled with the
Au-Sn alloy 22 by the lithography process and the dry-
etching process as shown in FIG. 4D.

FIG. 5 shows a bonding structure of semiconductor
substrates in the second embodiment, wherein like parts
are indicated by like reference numerals as used in FIG.
1. The bonding structure of semiconductor substrates
can be applied to a practical use, even if the first and
second semiconductor substrates 11 and 21 are deviated
from each other in the horizontal direction, since the
aperture width W is greater than the projection width
W . For this reason, a yield of a bonding structure of
semiconductor substrates is increased.

FIG. 6 shows a bonding structure of semiconductor
substrates 1n the third embodiment, wherein like parts
are indicated by like reference numerals as used in FIG.
1. The bonding structure of semiconductor substrates
can be fabricated with a stable bonding structure, even
if convex (or concave) portions 31 on the facing planes
of the semiconductor substrates 11 and 21 prevent them
from making contaci entirely with each other, since a
bonding structure can be realized as long as the projec-
tion 12 reaches the low melting point conductive mate-
rial 22 filled in the aperture 24. For this reason, a verti-
cal tolerance is increased in fabricating a bonding struc-
ture of semiconductor substrates, even if a curvature
occurs 1n the first and second semiconductor substrates
11 and 21, as well as in the case of the convex portions
31.

Although tungsten is used for the projection 12 on
the first semiconductor substrate 11, it may be replaced
by a high melting point metal selected from Ti, Cr, Mo,
etc., or by a high melting point silicide or nitride such as
MoSiy, TiN, etc. Although Au-Sn alloy is used for the
low melting point material 22 filled in the aperture 24 on
the second semiconductor substrate 21, it may be re-
placed by a low melting point material selected from
Au-S1 alloy, Pb-Sn alloy, In-Sn alloy, etc. Further, the
semiconductor substrate 11 and 21 may be a combina-
tion of Si substrates, GaAs substrates, and Si and GaAs
substrates, etc. Even more, one of these semiconductor
substrates may be bonded to a SOI substrate, an insula-
tion substrate such as a glass plate, etc.
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As understood from the above, advantages of the

invention are listed as follows.
(1) In addition to the mechanical bonding, the trans-

mission of an electric signal can be realized through a

signal transmitting path consisting of the projection 12

and the low melting point conductive material 22.
(2) The bonding structure is obtained by a low tem-

perature heating, since the low melting point conduc-

tive material 22 1s only liquidized.

(3) The semiconductor substrates 11 and 21 can be

bonded by use of a low pressure applied thereto, since
the projection 12 of solid phase 1s plunged into the low
melting point conductive material 22 of liquid phase.
(4) A horizontal fabricating tolerance 1s obtained to a
practical extent in the reason set forth in the second

embodiment.

5
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(5) A vertical fabricating tolerance is obtained to a

practical extent in the reason set forth in the third em-
bodiment.

Although the invention has been described with re-

20

spect to specific embodiment for complete and clear

disclosure, the appended claims are not to be thus lim-

ited but are to be construed as embodying all modifica-

tion and alternative constructions that may occur to one
skilled in the art which fairly fall within the basic teach-
ing herein set forth.

What 1s claimed is:

1. A bonding structure of first and second substrates,

comprising: .

a projection of a high melting point conductive mate-
rial selected from a group consisting of W, Cr, Mo,
and TiN provided on one plane of said first sub-
strate; and

a low melting point conductive material selected
from a group consisting of Au-Sn, Au-Si, and In-Sn
filled 1n an aperture which is formed on one plane
of said second substrate;

wherein said projection and said low melting point
conductive material are connected to each other
mechanically and electrically, whereby said first

- and second substrates come into contact with each
other on at least a portion of said one planes.

2. A bonding structure of first and second substrates,

according to claim 1, wherein:

said projection has a first predetermined width and a
predetermined height; '
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6

said aperture has a second predetermined width
greater than said first predetermined width and a
predetermined depth greater than said predeter-
mined height; and

said low melting point conductive material is filled in
said aperture by a predetermined thickness on the
bottom wall of said aperture;

whereby said projection is plunged into said low
melting point conductive material, where said first
and second substrates come into contact with each

other on said one planes.

3. A method for bonding first and second substrates,

comprising:

providing a projection of a high melting point con-
ductive material selected from a group consisting
of W, Cr, Mo, and TiN on one plane of said first -
substrate:

forming an aperture being able to accommodate said
projection on one plane of said second substrate;

providing a layer of a low melting point conductive

- material selected from a group consisting of Au-Sn,
Au-Si, and In-Sn having a predetermined thickness
on the bottom plane of said aperture;

aligning said projection of said first substrate and said
aperture of said second substrate relative to each
other,

said first and second substrates coming into substan-
tially close approximation with each other on said
one planes at a temperature which is lower than
said high melting point and higher than said low
melting point, so that said projection is plunged
into said low melting point conductive material
while it is molten, said first and second substrates
coming into contact with each other on at least a
portion of said one planes; and

cooling said first and second substrates to a tempera-
ture lower than said low melting point. |

4. A bonding structure compnsing:

first and second substrates;

a projection of tungsten on one plane of said first
substrate; and

Au-Sn alloy filling an aperture with 1s formed on one
plane of said second substrate; | |

said projection and said alloy being mechanically and
electrically connected to each other, so that said
first and second substrates come into contact with

each other in at least a portion of said one planes.
* * : * *
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